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amount of water vapour oener^ h£^» f PP ^ ^ fe passed *rough a humidifier. As the 

a water corttafner^nThelTn^^^ ^*^ rt "P <«VP«ally the humidifier comprises 

required pressure and reSgflow ^Tr wB ^"*«*« 
A control strategy i. disclosed wh?a a! nr^^t?' ™ «"»e asthe required humidity level Is reached, 
humidity. By nSL SSSSSSj ^IZS. tSSESSZtT" " ^ ^ * e ,ncreas « ,n 
is estimated on the basis ofTemperatw!^ ^ of fan 21 In response to the humidity level which 
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o^Ti positive A ™ y *— ^ — - - —tr t o 

Obstruct Sleep Apnea (OSA) and . method of conning ^ mamas 

OSA « a sleep disorder which affects a, estimated least 5% of «he population in 
l K ; Ch 7^ — "* «« - — ope,, relax and ultima^ coUaps 
""—-T- ^ *, pane™ of an OSA sufferer is characterised b, repled 
r Ue " CeS ° fSn0nn8 ' brc>to « diffi -"y. "ck of breathing, waking with a star, aod 
«- -turning to sleep. Often the sufferer is unaware of this pane™ occurring 
Sufferers of OSA usually expenence daytime drowsiness and irritability due to a lack 
of good continuous sleep. 

In an effort to treat OSA sufferers, a technique known as Continuous Positive 
Atrway Pressure (CPAP) was devised. A CPAP device consists of a gases supply (or 
blower) w,* . conduit connected to supply pressurised gases to a patient, tZdly 
.hrougha.asa.mask. Tne pressurised air suppUed » ft, patient effectively assists th 
muscles ro keep the patienfs airway open, eliminating the typical OSA sleep pattern 
The use of a CPAP system is known to have side effects such as dehydration of 
•he atrways and nasal passages which may lead to Rhinitis (inflammation of the nasal 
passages). The side effects mean -the patient ts less .ikely to comply wift his or her 
CPAP therapy and the therapy itself may cause an mcrease in nasal resist as a 
response to the high air flow, degradmg me pressure .eve. applied to the airway ar^d 
•hereby reducing the effectiveness of the therapy. Accordingly, a humidified CPAP 
System wouldbe an improvement. An improvement on the standard CPAP system is 
<«=scnbed m USpa,en,No.5,537.o 9 7assigned to p^ mcs ^. mwUA , ( ^ difier 
- tncorporated with me CPAP system so ma, the patient receives humidified gases 

However, a mere combination of a well known humidifier (in which gases are 
passed through water vapour ns.ng from the surface of water in a water hum.dification 
chamber on top of a heater plate) and a CPAP device would not maximise the benefit 
of the humuhfied CPAP therapy „ the patient This is due to the heater plate taking . 
some nm . to warm up so that the patient would, on som cessions (esp ciaj.y during 
warm-up of the apparatus), be supplied with gases which were no, humidified. 'l, shou.d 
be noted Aa, Ae sensitive tissues of me nasal passage can be caused to swell after 



rec iving only as littl as 10 minutes of non-humidifi d gases flow. Acc rdingly, it 
would be an advantage if the gases received by the patient were always humidified (to 
the present or existing capability of the humidifier) at any point in time. 

It is therefore an object of the present invention to provide breathing assistance 
apparatus which will go at least some way towards overcoming the above disadvantages 
or which will at least provide the public with a useful choice. 

Accordingly, in a first aspect, the invention consists in breathing assistance 
apparatus adapted to deliver gases to a patient to assist said patient's breathing 
comprising: 

gases supply means, including pressure regulating means adapted to supply gases 
at a required pressure with a resulting gases flow rate, 

gases pressure sensing means to determine the pressure of said supplied gases 
and thereby the resulting gases flow rate, 

humidification means which receive and humidify said supplied gases prior to 
delivery to said patient, said humidification means capable of controllably humidifying 
said gases up to a required humidity level, 

transportation pathway means which convey said humidified gases to said 
patient, 

gases humidity sensing means to determine the humidity of the gases supplied 
to said patient, and 

control means which in response to said gases humidity and said gases flow rate 
information supplied by said gases humidity sensing means and said gases pressure 
sensing means, controls said gases supply means such that said gases pressure reaches 
said required pressure at substantially the same time as said required humidity level is 
reached. 

In a second aspect, the invention consists in a method of operating patient 
breathing assistance apparatus, said breathing assistance apparatus comprising gases 
supply means, gases pressure regulating means adapted to supply gases at a required 
pressure with a resulting gases flow rate, gases humidification means capable of 
controllably humidifying said gases up to a requir d humidity level, transportation 
means which convey said humidified gases to said patient and control means storing 



predeteimmedrequ^ 

of: 

a) initiatmg said gases humidification means to humidify the gases from said 
gases supply means, 

b) sensing the pressure of said gases, 

c) sensing me humidity of said gases, and 

d) controlling the pressure at which said gases are supplied to said patient so that 
88868 pre8SUre *»* rcsu,tant ^w rate reaches said required pressure and resultant 

flow rate at substantially the same time as said required humidity level is reached 

In a third aspect, the invention consists in a method for treating Obstructive Sleep 
Apnea in a patient using a breathing assistance apparatus comprising gases supply 
means, gases pressure regulating means adapted to supply gases at a required pressure 
w,th a resulting gases flow rate, gases humidification means capable of controllably 
humidifying said gases up to a required humidity level, transportation means which 
convey said humidified gases to said patient and control means storing predetermined 
required pressure and humidity values, said method comprising the steps of: 

a) initiating said gases hnmidification means to humidify the gases from said 
gases supply means, 

b) sensing the pressure of said gases, 

c) sensing the humidity of said gases, and 

d) controlUng the pressure at which said gases are supplied to said patient so that 
said gases pressure and resultant flow rate reaches said required pressure and resultant 
flow rate at substantially the same time as said required humidity level is reached. 

One preferred form of the invention will now be described with reference to the 
accompanying drawings in which; 

Figure 1 isablockdiagramofahumimfiedContinuousPositiveAirway Pressure 
(CPAP) system in accordance with a preferred embodiment of the present invention, 

Figure 2 is a block diagram of a humidified CPAP system in accordance with a 
further preferred mbodiment of the present invention. 

Figure 3 is an example graph of air pressure (approximat d by fan speed) versus 
time for the humidified CPAP syst m according to the first preferred embodiment of 



th present invention, 

Figure 4 is an example (corresponding to Figure 3) graph of humidity (actually 
heater plate temperature) versus time for the humidified CPAP system according to the 
second preferred embodiment of the present invention, and 

Figure 5 is a graph of experimentally collected data versus time for a number of 
parameters in the humidified CPAP system according to the second preferred 
embodiment of the present invention. 

With reference to Figure 1 a humidified Continuous Positive Airway Pressure 
(CPAP) system is shown in which a patient 1 is receiving humidified and pressurised 
gases through a nasal mask 2 connected to a humidified gases transportation pathway 
or inspiratory conduit 3. It should be understood that the present invention, however, 
is not limited to the delivery of CPAP gases but is also applicable to other types of gases 
delivery systems such as VPAP (Variable Positive Airway Pressure) and BiPAP (Bi- 
level Positive Airway Pressure). Inspiratory conduit 3 is connected to the outlet 4 of a 
humidification chamber 5 which contains a volume of water 6. Inspiratory conduit 3 
may contain heating means or heater wires (not shown) which heat the walls of the 
conduit to ensure a constant humidity profile along the conduit and therefore reduce 
condensation of humidified gases within the conduit. Humidification chamber 5 is 
preferably formed from a plastics material and may have a highly heat conductive base 
(for example an aluminium base) which is in direct contact with a heater plate 7 of 
humidifier 8. Humidifier 8 is provided with control means or electronic controller 9 
which may comprise a microprocessor based controller executing computer software 
commands stored in associated memory. 

Controller 9 receives input from sources such as user input means or dial 10 
through which a user of the device may, for example, set a predetermined required value 
(preset value) of humidity or temperature of the gases supplied to patient 1. The 
controller may also receive input from other sources, for example temperature, humidity 
and/or flow velocity sensors 11 and 12 through connector 13 and heater plate 
temperature sensor 1 4. In response to the us r set humidity or temperature value input 
via dial 10 and the other inputs, controller 9 d termines when (or to what lev 1) to 
energise heater plat 7 to heat the water 6 within humidification chamber 5. As the 



-5- 



10 



15 



20 



25 



30 



volume of water 6 within humimfication chamber 5 is heat d, water vapour begins to 
fill the volume of the chamber above the water's surface and is passed out of th 
humidification chamber 5 outlet 4 with the flow of gases (for example air) provided 
from a gases supply means or blower 1 5 which enters the chamber through inlet 16 It 
shouldbe noted that it is possible to obtain the relationship between the humidity of th 
gases in humichncation chamber 5 and the temperature of the heater plate 7 
Accordingly, it is possible to utilise the heater plate temperature in an algorithm or a 
look-up table to determine the humidity of the gases (accordingly, the heater plate 
temperature acts as an indication of the humidity of the gases and the two terms are used 
interchangeably in this specification). Exhaled gases from the patient's mouth are 
passed directly to ambient surroundings in Figure 1 . It should also be noted that in the 
preferred form of the present invention, heater plate temperature is utilised to represent 
humidity, however, any suitable humidity sensor could alternatively be used. 

Blower 1 5 is provided with variable pressure regulating means or variable speed 
fan 21 which draws air or other gases through blower inlet 17 producing a resultant 
gases flow rate. The speed of variable speed fan 21 is controlled by a further control 
means or electronic controller 18 (or alternatively the function of controller 18 could 
be carried out by controller 9) in response to inputs from controller 9 and a user set 
predetermined required value (preset value) offlow rate or pressure or fan speed (as has 
been mentioned above in relation to heater plate temperature and humidity, it is also 
Possible to determine a relationship between fan speed, gases flow rate and gases 

pressure and the three terms are merefore used mtercharigeably m mis specification) via 
dial 10 ' 



An alternative preferred embodiment of a humidified CPAP system is shown in 
Figure 2 where the humidifier has been incorporated within blower 15 so that the 
system comprises only one main component connected to the patient via the same 
conduit 3 and nose mask 2. Only one controller 9 is required in this embodiment. This 
hum,dified CPAP system may be substituted into any of the preceding description 
including both «Warm-U P » mode embodiments. All reference numerals common to 
Figure 1 represent the same features of the invention. 

It is possible to control the way in which the heater plate and/or the blower fan 



is cn rgised duru,g (a„ y tor* during which the he.*, pla te te „« 

^ rr£,Uiredtempera,Ure) Th foUow,^ are «wo prefer examp,« of confro, 
methodologies utilised in this period. 

One Preferred «Warm-Up» Mode Embodiment 

In use, a user of the humidified CPAP system determines a "set" (or required) 
value of gases pressure (P^ to be delivered by blower 15 to the patient 1. This set 
value is passed to controller 18 by dial 19. The user also determines a "set" (or 
required) value of temperature (T„J for the heater plate 7 which is entered to controller 
9 via dial 10. The set temperature user input dial may be labelled "Humidity" for th 
user's convenience. Controller 9 then determines the present temperature of heater 
7 (T — ■> thr ° Ugh fenw 14 md * e P«*ent gases pressure (P,^), for example 
from speed sensor 20. It should be noted that it could take up to 30 minutes for the 
gases to reach their set humidity level, depending upon ambient conditions, flow rates 
and any obstructions in the patient's airway (for example inflammation). The present 
pressure value may be determined by a pressure or flow sensor within blower 15 
hunudification chamber 5 or the conduits connecting the system or, alternatively, as has' 
already been mentioned the speed of fan 2 1 (sensed by speed sensor 20 or alternatively 
the command speed issued to the fen by controller 1 8 may be utilised as the actual fan 
speed) may be used to represent the gases pressure. 

Controller 9 then utilises the set and actual values of temperature (representing 
humidity) and pressure (or fan speed) to control the humidification and pressure of the 
gases flow to patient 1. The pressure and temperature (humidity) of the gases supplied 
to the patient will eventually be allowed to reach their values set by the user, however, 
to ensure that the patient is always supplied with humidified gases which have been 
saturated with the maximum possible amount of water vapour (within the presently 
existing limits of the humidifier), controller 9 controls th speed of fen 21 in step with 
the humidity of the gases (or in step with the temperature of the heater plat 7). As an 
example (with reference to Figures 3 and 4), th following table s ts ut the sensed 
(initial) and set (or required) temperature and (relative) pressure (equating to fan speed) 



values at start up of the system. 
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Temperature 


Pressure 


Initial 


20'C 


OcmHjO 


Set j 


50°C 


lOcmHjO 



Conner 9 then determines me require change in pressure (AP) „ d ^ 

3r^T^^ ratoe(AT),oob ^ ,hercquiredse,pre - re »<''=«p-'- 

respectively of the system. In the present case: 

|AP=10cmH,O |at-=3Q'C I 

Conner 9 then determines the required average rate of increase of pressure 
with respect to temperature by dividing AP by AT. In .he present case tins calculation 
equates to lOcniHjQOO-C or V4cmH 2 Oper -C. 

Accordingly, for each 1 °C increase in beater plate 7 temperature, controller 9 
wlImsmuacontroHer 18 to increase the speed of fen 2, to achieve .ActnH.O increase 

-pphed to the patient will reach their se, values a, me same time (that is at time t, in 
F.gures , and 4). Preferably me hearer p,ate win be energised upon initiation of tire 
humtthfied CPAP system and will gradually increase in temperature up ,o its se. 
^ran m{ as S l^m Fi ^ 4)M ^ toeco ^ Ber9w . Iicomjn 

" en " giSe ^ «** - *- me heater plate to maintain the se, 

temperamre. It should be noted mat controller 9 could either continually monitor the 
heater plate temperature unti. the se. temperature is reached and continually determine 
updated required average rare of increase values or the initially determined required 
average rate ofmcease could be used through the entire warm-up period. In .his way 
me pauen. win only ever receive humidified gases because a. ster. up, „ha, li«de water 
vapour is presen. in humidification chamber 5 win be carried by a light gases flow 

,C When *' heat " re » h « raited «t V1> lue (and therefore much more 
water vapour is being generated in me humidification chamber) the blower will be 
comrolled to generate a larger volume flow rate of gases. 
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It should be noted that all integers shown and described in relation to Figures 1 
and 2 are relevant to this second embodiment. 

As in the previous preferred embodiment, the Humidified CPAP system 
according to this preferred embodiment has a "Warm Up" function which determines 
the way in which the motor speed (and hence delivered flow rate or pressure) of fan 21 
increases with time after the device has been turned on. Hence it is desirable to increase 
the pressure and thereby the resultant flow rate as the humidity increases and therefore 
reach the desired set pressure as the humidity output of the device reaches its 
equilibrium or required level. 

Controller 9 uses closed loop control of heater plate 7 temperature to reach the 
desired humidity level as soon as possible. Trials have indicated that the heater plate 
temperature alone (as used in the previous embodiment) is not necessarily a very good 
15 indicator of patient delivered humidity and that a much better indicator of humidity is 
the temperature of water in humidification chamber 5. It should also be noted that the 
water temperature increase is much slower than that of heater plate 7 because water is 
fairly poor at transferring energy. So controlling the fan speed based only upon heater 
plate temperature can lead to excessive flow rates too quickly in the warm up cycle. 
20 Although the water temperature isnot measured directly (it would be impractical though 
not impossible to include a temperature sensor inside humidification chamber 5), it is 
possible to reasonably accurately estimate how the temperature of the water in 
humidification chamber 5 is increasing as will be described below. 

The Specific Heat Capacity of water describes the amount of heat (or energy) 
25 that is required to increase a unit mass of water by one degree. Upon turn on of the 
humidified CPAP machine according to this preferred embodiment of the present 
invention, the controller 9 measures the actual temperature of heater plate 7 (assumed 
equal to water temperature in a steady state) and also receives input of the heater plate 
set (or required) temperature from a user (via a user interface including buttons, 
30 switches or dials for example). Controller 9 then determines the required change in 
temperature to reach th set (or required) humidity value. Preferably, controller 9 uses 



90% of the required change in temperature as the water temperature in humidificati „ 
chamber 5 only ever reaches 90% of the valu of heater plate 7 set temperature at steady 
state conditions. Using the required change in temperature value (or a percentage of it) 
and knowing the mass of water in the chamber (assuming that the humidificanon 
chamber 5 is full with 400 ml of water equating to a mass of 400 g), the amount of 
energy required to increase the water to set temperature, can be calculated. 

As controller 9 also controls energisation of heater plate 7, for example by 
controlling the duty cycle (time^time^ + ume ofr ))of the element, the amount of energy 
being transferred to the water by heater plate 7 is known. For example, for a 85 Watt 
heater plate element at a duty cycle of 60%, 51 Joules of energy are being transferred 
to the water every second. Energy is being taken out of the water by two dominant 
means being conduction and convection. 

Conduction losses are transferred through the chamber walls and conduit During 
warmup and at steady state, the amount of energy lost through conduction losses is 
directly proportional to the temperature gradient between the water and ambient (air 
temperature). Knowing the temperature of the water and the ambient air temperature 
(via, for example an ambient air temperature sensor 22 or more preferably by estimating 
a fixed temperature of say 20 ° C), the conduction energy losses (E eo J) can be estimated 
during warmup. In this embodiment, the water temperature is not directly measured, 
however, trials have indicated during warmup, the difference between the average water 
temperature and ambient is about 68% of the difference between the heater plate 
temperature and ambient, that is, (T^ -T^^ = 0.68 x (T he _ - T mt)im ) . This 
approximation of water temperature has been found by sampling the heater plate and 
water temperature over the warm up period, dividing the water temperature by the 
heater plate temperature and then averaging the resulting values over the warm up 
period of time (from start-up until the gases are delivered at their required humidity). 

Convection losses are due to air flow across the water in the humidificanon 
chamber 5. For the average flow of a CPAP user, the flow rate (Q) in litres per minute 
is directly proportional to the speed (u) of fan mot r 21 in revolutions per minute 
(RPM) for a given restriction (assuming, for exampl a standard conduit of 6 foot 
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length) and that convection losses are approximately direc tIy pinion,, „ flow 
H Fn> ™ "«"*-«- *• W"**- constants of property have te 

tetmU,ed " ,d *« e - »«° *e equation, below. TWore *. 

conveCone^tessesfE^j^^^^ . Aceordj „ gIy ^^^^ 

ne. amoun, of energy being tiWermd (EJ BfcwBfc humidincation Camber 
5 can be calculated. 

In use, (and with reference to Figure 5) the warm-up algorithm according ,o «he 
second preferred embodiment of the present invention works as follows: 

A Ignoring Losses 

1 Upon turn on of the humidified CPAP device, controller 9 reads the required or 
set fan speed and temperature (representing gases pressure and humidity) from 
user inputs 19 and 10 respectively and also the present temperature (T^ of 
heater plate 7 - remembering that the water temperature is approximately 90% 
of that of the heater plate 7. Fan 21 is energised at an initial low speed of for 
example, 3000 RPM, to create an initial pressure and resultant flow rate of] for 
example, 16 litres per minute (it is assumed that the flow rate (Q), in litres per 
mmute, is directly proportional to tan motor speed (u) in RPM in a CPAP system 
such that Q = u/186.2). The amount of energy required (E^ to increase the 
temperature of the mass (m) of water within humidification chamber 5 by an 
amount (AT - (T re< ^ red - T^ x 0.9) to its set temperature is then calculated as 
follows (where k, is the specific heat capacity of water): 

^ req ^ = k,xm X AT = 4.19xl0 3 x0.4x(T KquiItd .T J Jx0.9 

Controller 9 then energises heater plate 7 in such a way (for example a closed 
loop control system adjusting the duty cycle of voltage applied to the heater 
element) that a predetermined required heater plate temperature (for example 
approximately 60°C) is achieved as soon as possibl with minimal or n 
overshoot. 



-11 - 



2. 



A, predetermined intervals of time ft), for example every 30 second, the .« 
™ °' ^ (E »^ *« ■*« Inferred to the water in Aa« in.erva! 
ftom me beater element 7 (having a power rating of P, Wans and with a duty 
cycle ofD (%)) is calculated. 



E™ftTO! = P, xt,xD 
Ew™, - 85 x 30 x D - 2550 x D [for a 30 second period] 

This valne is then sobbed from the tota! required energy to hea, the water to 

^ PCratUre ' ^ * e ^ «<•«« this point in time) to reach the se, 
temperature. Thus initially: 

5— *-0 ™ ^tot«l required " ^mnsfemd = 4.19 X 10 3 X 0.4 X (T^ - Tjttft ) X 0.9 - (2550 X D) 

and more generally for each following iteration (i): 

E »e«Wf0 = EneededtM) - (2550 X D) 

3 Using the net energy transferred to the water over the last 30 seconds or 
mther, the average rate of ne, energy transfer (P^). and the newly 
calculated value for the energy needed to teach the se, temperature, an 
estimated time ft) to reach se, temperature can he calculated as follows: 

p «nmfer ~ ^w^w/JO [in Watts] 
and 



therefore initially 



/■•• 
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" (30 x E nteie6(Uia J/E timfemS [in seconds] 

and for following iterations an updated estimated time (t^ can be calculated as follows: 

5 " (30 x( E needalCl . n - E ttmstkma(i ^)/E Bmtbmdli) [in seconds] 

B Including Losses 

But, as previously mentioned, the amount of energy lost to the water within th 
humidification chamber through conduction and convection losses must also be 
10 accounted for. The conduction and convection losses may be calculated as follows: 

Econv - Km. x Q AND Q = kQ x u 

therefore 

x kg x u = (1/186.2) x 5.79 x o [for a 30 second period] 

also 



15 



20 



25 



Econd = Km x (Twara- " T ambient ) = 10.83 x 0.68 x (T^- 20) = 7.4 x - 148 
[in Joules for a 30 second period during warmup] 

the losses are added to E neede<1 and subtracted from E^e^ accordingly 

E ncc d«J(actual) = EneededO-l) " ^mnsfc>ra<)(0 + ^conv(i) + EeondtO 
Etnnsf«red(tcnul) ~ E^^fe,^^ - E,^^ - E^^j) 

and thus 



30 
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^O" ( 3 ° X ( E -e«»edO-0-E^ fenBd(0 + E enow(i) + 

ndff))) 



COD 



(^traAjftfTed(i-l) ~ E«mv(J) " Eeond(i)) 

or alternatively: 

(30x - (2550xD)+ «1/I86.2)x5.79xu) + (7.4x1^ - 148W 

((2550 x D) - ((1/186.2) x 5.79 x v) - (7.4 x - 148)) 



4. 



5. 



Using this calculated time and the difference between set speed and actual speed 
an average rate of speed increase (y) can be calculated: 

Y = (Urn,*,*! - t^owKoV^ [in RPM per second] 

The actual speed of the motor will then be adjusted accordingly to produce the 
calculated acceleration. 

Steps 2 through 4 are repeated every 30 seconds (wherein the value of E. . 

^Toto! required 

is reduced by the net amount of energy transferred, E nnstaTtiJ to the water in the 
previous 30 seconds) causing the time to reach the set temperature and average 
required increase in motor speed to be continually calculated as the rate of net 
energy transfer to the humidification chamber changes. This step is repeated 
until the time to reach set temperature (O is zero and set speed is reached, at 
which time the temperature of water within humidification chamber 5 should 
reach its required or set temperature also. 

It should be noted that the above described algorithm assumes that the 
humidification chamber is holding 400 ml of water. If the chamber has less than 400 
ml then the warm up time will take long r as the smaller amount of water will take less 
time to reach set temperature, causing the element duty cycle to settle to a lower level 
more quickly, resulting in a lower rate of net energy transfer (E^ - - E 0 



"oond 
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**~[ ,n eXP£nme ° W — ^ times for fte humidified 

CPAP machme have varied between abou. ,5 and 25 minutes depending on «h 
operating conditions. 8 

I. sho„,d also be noted that in the above preferred embodiment, fin, speed ia 

T V C ° n,r0l,ed <fcpendH " » y <*en»i»ed water temperature 

" PrcV,OUS,y »~° "P*-* « » dearrable to control me pressure of 
^esdelrveredtomepanentdependentuponmehumidi^ofmosegases. The pressure 
(P) and flow rate (Q) in the above described system (approximately 6 foot hose length 
«e) can be approximated by the following equation: 



P = 8.836 x lO-'Q 2 

Accordingly, pressure increases with the square of fan speed However, with the above 
equation it is possible .0 utilise fan speed as an indication of pressure and .0 calcuiato 
the gases pressure from it Similarly, it would be possible to produce an equation 
tejatmg temperature to humidity, for example, by determining me mass of water 
-aporatingpersecondanddividingma. value by the presen. flow. Therefore, although 
this preferred embodiment of the presen, invention has been described with reference 
to fan speed and temperature, the system still ensures that me gases pressure is 
controlled .0 deliver the patient with adequttely humidified gases only. The known 
«l«.onships between ran speed and pressure and temperature and humidity could also 
be used ,n the above described stop 1 so that the user could input required pressure and 
humrmty values directly to the device. Controller 9 could men calculate the required 
ran speed and temperature values and carry out the remaining stops accordingly. 

The graphs shown m Figure 5 show mat me heater plate temperature reaches its 
set temperature relatively quickly and that, due to the control system described above 
m relation to the second preferred embodiment, the fan speed (RPM in Figure 5) 
increases more gradually in line with the i ncre ase in water temperature. 



Other C nsiderati ns 
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Incas s where the heater plate temperature is near the set temperature at start up 
of th system (for example when the patient has been using the device but has been 
called away temporarily and switched the device off or placed the device into a standby 
mode), the controller may do away with keeping the temperature and pressure in step 
as they increase. In this case, the controller may first determine whether the actual 
heater plate temperature is about or greater than about 75% of its required set value or 
alternatively within say S°C of its set value. If this is the case then the speed of fan 21 
is controlled to linearly increase from some low initial value to the required set value 
over a predetermined period of time (for example 15 minutes). Alternatively, th 
controller could determine if the actual heater plate temperature is within a range', for 
example a range of about 10°C, of the required set temperature value and then control 
the speed of fan 21 to reach the set value of fan speed in a predetermined period of time 
The above mentioned alternative steps are required due to the fact that as the 
heater plate is already warm it will soon reach its set temperature (before the patient has 
fallen asleep) and therefore the full fan speed should be delayed for a set period to allow 
the gases to be humidified within the capability of the humidifier to humidify the gases 
and/or to allow the user to achieve sleep before maximum flow rate occurs. The 
predetermined period of time could be set by the manufacturer prior to sale of th 
device or alternatively this value could be user controllable by for example adding a 
further dial and input to the controller 9. 

The controller also preferably monitors the calculated net energy transfer value 
(E^J and if it is found to be zero or negative (over for example a 30 second period), 
then it is decided that warmup must be complete (due to the fact that there was less 
energy needed from startup than was calculated due to mere being less water in the 
chamberthan expected). In this situation the fanspeed is automatically increased to the 
set fan speed. Another feature could be the monitoring of the warmup period so that if 
warmup is still occurring after about 25 minutes, then the fan speed could be 
automatically increased to the set fan speed as the warmup period should have ended. 

A further addition could be in the provision of a button with an input to 
contrail r 9. The button could be pressed by the user to commence the above fixed 
period of linear fan speed increase. Once the warm up has be n completed 
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(temperature and pressure have reached their required values), the user may find that 
theyhav b n unable t drift offto sleep and therefore they require the fan speed tob 
temporarily reduced. In this case, the user could simply repress the abovementioned 
button and another linear fan speed increase would occur (even though the water 
temperature would already be at its required set temperature) starting at a low 
predetermined speed and linearly increasing to the required set speed. 

Accordingly, the present invention provides a humidified breathing assistance 
system in which the patient is provided with beneficially humidified gases during the 
period when the humidifier is warming up and also when the humidifier is running (and 
at its set temperature). In addition, the humidity of the gases supplied to the patient are 
maintained throughout both of these periods within the limits of the humidifiers ability 
to humidify those gases to the benefit of the patient This is extremely beneficial to the 
patient as even a flow of non-humidified or insufficiently humidified gases to the 
patient for a short duration of time (for example 10 minutes) can cause detrimental 
swelling of the nasal passages and even greater discomfort if delivered orally. 



-17- 

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Bn^trung assistance apparatus^ 
patient's breathing comprising: 

gases supply xneans, including pressure reg ulating means adapted to supply gases 
at a required pressure with a resulting gases flow rate, 

gases pressure sensing means to determine the pressure of said supplied gases 
and thereby the resulting gases flow rate, 

humidification means which receive and humidify said supplied gases prior to 
delivery to saidpatient,sa,^ 
said gases up to a required humidity level, 

transportation pathway means which convey said humidified gases to said 
patient, 

gases humidity sensing means to determine the humidity of the gases supplied 
to said patient, and 

control means which in response to said gases humidity and said gases pressure 
and resultant flow rate information supped by said gases humidiry sensing means and 
sa,d gases pressure sensing means, control said gases supply means such tha, sa.d gases 
pressure and resu.tan, flow rate reach s»id required pressure and resuW flow rare a, 
substantially the same time as slid gMes 

2. BreamingMsistanceapparetusascUimedinebim 1 wherein said humidification 
means comprise a humidification chamber means adapted re receive a volume of water 
and an energisable heating mean, ,o beat said volume of water to produce water vapour 
wtthm said humidification chamber means, said gases passing through said water 
vapour in said humidification chamber means thereby being humidified. 

3. Breathing assistance apparatus as claimed in claim 1 or 2 wherein said pressure 
tegulattng means comprise a variable speed fan and said pressure sensing means 
compnse a speed sensor which senses the speed of said fan «o provide said contro. 
means w,.h an indication of the flow rate of said gases flow. 
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4. Breathing assistance apparatus as claimed in claim 2 or 3 wherein said gases 
humidity sensing means are part of said control means and include a means to sense the 
temperature of said energisable heating means wherein the humidity of said gases is 
estimated based on said sensed temperature of said energisable heating means. 

5. Breathing assistance apparatus as claimed in claim 2 or 3 wherein said gases 
humidity sensing means are part of said control means and include a means to sense the 
temperature of said energisable heating means wherein the humidity of said gases is 
estimated based on a calculated value for the temperature of said volume of water 
within said humidification means, said calculated temperature value determined by 
adding an amount dependent upon the amount of energy which has been added to said 
volume of water to said sensed temperature of said energisable heating means. 

6. Breathing assistance apparatus as claimed in any one of claims 1 to 5 wherein 
said control means is a programmable processor which stores a program which when 
executed in said processor carries out the steps of: 

i) determining the total amount of energy required to be transferred to said 
humidification means to reach said required humidity level, 

ii) determining the present rate of energy transfer to said humidification means, 

iii) calculating a time to reach said required humidity level by dividing said total 
amount of energy required determined in step (i) by said rate of energy transfer 
determined in step (ii), and 

iv) controlling said pressure regulating means to deliver said gases from said 
gases supply means at a pressure which is substantially similar in proportion to said 
required pressure as said humidity of said gases is to said required humidity level, 

wherein steps (i) to (iv) are repeated until said supplied gases are substantially 
humidified to said required humidity level and are at substantially said required pressure 
and resultant flow rate. 



7. Breathing assistance apparatus as claimed in claim 6 wherein said rate of energy 
transfer in said step (ii) is estimated by determining the amount of energy transferred 
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to said humidification means during a predetermined period of time and dividing said 
determined amount of energy by said predetermined period of time. 

8. Breathing assistance apparatus as claimed in claim 7 wherein a first amount 
equal to the estimated convection energy losses in said breathing assistance apparatus 
and a second amount equal to the estimated conduction energy losses in said breathing 
assistance apparatus, are added to said determined amount to calculate said time to 
reach said required humidity level in step (iii). 

9. Breathing assistance apparatus as claimed in any one of claims 6 or 8 wherein 
a first amount equal to the estimated convection energy losses in said breathing 
assistance apparatus and a second amount equal to the estimated conduction energy 
losses in said breathing assistance apparatus, are subtracted from said total amount of 
energy transferred to said humidification means to calculate said time to reach said 
required humidity level in step (iii). 

10. Breathing assistance apparatus as claimed in any one of claims 7 to 9 wherein 
said predetermined period of time is about 30 seconds. 

1 1 - Breathing assistance apparatus as claimed in any one of claims 6 to 1 0 wherein 
said step (i) involves calculating an initial amount of energy required and subtracting 
the amount of energy subsequently transferred to said humidifying means in the 
accumulated preceding predetermined periods of time. 

1 2 . Breathing assistance apparatus as claimed in any one of claims 1 to 1 1 wherein 
said transportation pathway means contain therein a pathway heating means which are 
adapted to be controllably energised by said control means to reduce condensation along 
the length of said transportation pathway means. 

13. Breathing assistance apparatus as claimed in any one of claims 1 to 12 which 
further comprise a variable user input means which in response to an input frman 
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operator causes said contr 1 means to control said gases supply m ans to achi ve a 
predetermin d pressure profile of said supplied gases independent of said humidity of 
said gases for a period of time determined by said input of said operator. 

14. Breathing assistance apparatus as claimed in claim 13 wherein said 
predetermined pressure profile is a linear ramp up of said supplied gases from an initial 
lower pressure to a final pressure equal to said required pressure. 

15. A method of operating patient breathing assistance apparatus, said breathing 
assistance apparatus comprising gases supply means, gases pressure regulating means 
adapted to supply gases at a required pressure with a resulting gases flow rate, gases 
humidification means capable of controllably humidifying said gases up to a required 
humidity level, transportation means which channel said humidified gases to said 
patient and control means storing predetermined required pressure and humidity values, 
said method comprising the steps of: 

a) initiating said gases humidification means to humidify the gases from said 
gases supply means, 

b) sensing the pressure of said gases, 

c) sensing the humidity of said gases, and 

d) controlling the pressure at which said gases are supplied to said patient so that 
said gases pressure and resultant flow rate reach said required pressure and resultant 
flow rate at substantially the same time as said required humidity level is reached. 

1 6. A method as claimed in claim 1 5 wherein said humidification means comprise 
a humidification chamber means adapted to receive a volume of water and an 
energisable heating means to heat said volume of water to produce water vapour within 
said humidification chamber means, said gases passing through said water vapour in 
said humidification chamber means thereby being humidified. 



17. A method as claimed in claims 1 5 or 1 6 wherein said pressure regulating means 
comprise a variable speed fan and said step of sensing the pressure and resultant flow 
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rate of said gases comprises the step of sensing the speed f said fan to provide said 
control means with an indication of the pressure and resultant flow rate of said 
flow. 



18. Amethodascbimedinclaim 1 6 or 17 wherein said step of sensing the humidity 
of said gases comprises estimating the humidity based on the temperature of said 
energisable heating means. 

19. A method as claimed in claim 1 6 or 17 wherein said step of sensing the humidity 
of said gases comprises estimating the humidity based on a calculated value for the 
temperature of said volume of water within said humidification means, said calculated 
temperature value determined by sensing the temperature of said energisable heating 
means and adding to that an amount dependent upon the amount of energy which has 
been added to said volume of water. 

20, A method as claimed in any one of claims 15 to 19 wherein step (d) further 
comprises the steps of: 

1) determining the total amount of energy required to be transferred to said 
humidification means (8) for said gases humidity to reach said required humidity level, 

2) determining the rate of energy being transferred to said humidification means,' 

3) calculating a time to reach said required humidity level by dividing said total 
amount of energy required determined in step (1) by the rate of energy transfer 
determined in step (2), 

4) controlling said pressure regulating means to deliver said gases from said 
gases supply means at a pressure which is substantially similar m proportion to said 
required pressure as said humidity of said gases is to said required humidity level 

and wherein steps (1) - (4) are repeated until said supplied gases are substantially 
humidified to said required humidity level at substantially said required pressure level 
and resultant gas s flow rate. 



21. 



A method as claimed in claim 20 wherein said step (2) involves determining the 
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amount energy transferred to said humidification means in a predetermined period of 
time and dividing said determin d amount of energy by said predetermined period of 
time. 

22. A method as claimed in claim 21 wherein a first amount equal to the estimat d 
convection energy losses in said breathing assistance apparatus and a second amount 
equal to the estimated conduction energy losses in said breathing assistance apparatus, 
are added to said determined amount to calculate said time to reach said required 
humidity level in step (3). 

23. A method as claimed in any one of claims 20 to 22 wherein a first amount equal 
to the estimated convection energy losses in said breathing assistance apparatus and a 
second amount equal to the estimated conduction energy losses in said breathing 
assistance apparatus, are subtracted from said total amount of energy transferred to said 
humidification means to calculate said time to reach said required humidity level in step 
(3), 

24. A method as claimed in any one of claims 21 to 23 wherein said predetermined 
period of tune is about 30 seconds. 

25 . A method as claimed in any one of claims 20 to 24 wherein said step ( 1 ) involves 
calculating an initial amount of energy required and subtracting the amount of energy 
subsequently added to said humidifying means in the accumulated preceding 
predetermined periods of time. 

26. A method as claimed in any one of claims 1 5 to 25 wherein a pathway heating 
means contain within said transportation pathway means is controllably energised by 
said control means to reduce condensation along the length of said transportation 
pathway means. 



method as claimed in any one of claims 15 to 26 wh rein said breathing 
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assistance apparatus further comprise a variable user input means, and wherein said 
control means controls said gases supply means to achiev a predetermined pressure 
profile of said supplied gases independent of said humidity of said gases for a period 
of time in response to an input from an operator, where said predetermined time being 
determined by said input of said operator. 

28, A method as claimed in claim 27 wherein said predetermined pressure profile is 
a linear ramp up of said supplied gases from an initial lower pressure to a final pressure 
equal to said required pressure. 

29. A method for treating Obstructive Sleep Apnea in a patient using a breathing 
assistance apparatus comprising gases supply means, gases pressure regulating means 
adapted to supply gases at a required pressure with a resulting gases flow rate, gases 
humidification means capable of controllably humidifying said gases up to a required 
humidity level, transportation means which convey said humidified gases to said patient 
and control means storing predetermined required pressure and humidity values, said 
method comprising the steps of: 

A) initiating said gases humidification means to humidify the gases from said 
gases supply means, 

B) sensing the pressure of said gases, 

C) sensing the humidity of said gases, and 

D) controlling the pressure at which said gases are supplied to said patient so that 
said gases pressure and resultant flow rate reaches said required pressure and resultant 
flow rate at substantially the same time as said required humidity level is reached. 

30. A method for treating Obstructive Sleep Apnea as claimed in claim 29 wherein 
step (D) further comprises the steps of: 

I) determining the total amount of energy required to be transferred to said 
humidification means (8) for said gases humidity to reach said required humidity 1 v 1, 

II) determining the rate of energy being transferred to said humidification means, 
m) calculating a time to reach said required humidity level by dividing said total 
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amount of energy required determined in step (I) by the rate of energy transfer 
determined in step (II), 

IV) controlling said pressure regulating means to deliver said gases from said 
gases supply means at a pressure which is substantially similar in proportion to said 
5 required pressure as said humidity of said gases is to said required humidity level 

and wherein steps (I) - (TV) are repeated until said supplied gases are 
substantially humidified to said required humidity level at substantially said required 
pressure level and resultant gases flow rate. 

10 31. Breathing assistance apparatus substantially as herein described with reference 
to and as illustrated by the accompanying drawings. 

32. A method substantially as herein described with reference to and as illustrated 
by the accompanying drawings. 

15 

33 1 . A method for treating Obstructive Sleep Apnea substantially as herein described 
with reference to and as illustrated by the accompanying drawings. 
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